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Methylal is an important raw material that can be used for production of many 
chemical intermediates, solvents, paints and fuel additives. The high purity methylal 
can be synthesized by the extractive reactive distillation process (ERDP) with water as 
extractant, which can be classified into two types according to the source of extractant: 
the double-feed process that utilizes water in formaldehyde solution directly and the 
three-feed process that introduces another water feed stream. Although both processes 
have been certificated and investigated by experiments, the deeply analysis and 
comparison between them still has been nonexistent. In addition, the excess reactant, 
i.e. methanol, should be recycled in the process, hence it’s meaningful to find a way to 
reduce the process cost. In this work, both two kinds of extractive reactive distillation 
process for the methylal production were simulated and compared in order to find out 
which process is better. Then, the reactive divided-wall column (RDWC) for producing 
methylal was synthesized and simulated, and the characteristics and transfer resistances 
of the RDWC process were also analyzed and evaluated, respectively. The main 
contents of this work were listed as follows: 
(1) The double-feed and three-feed extractive reactive distillation process for 
producing methylal were simulated and optimized based on the appropriate 
thermodynamic and reaction kinetic model, and the difference between the two 
processes in reaction, separation and economic were deeply analyzed and compared. 
The results showed that both process can produce high purity methylal as expected. 
Although the three-feed process can promote the separation between methanol and 
methylal, the reaction rate and reboiler duty were reduced and increased respectively 
due to introduction of extra water. The comparison on total energy consumption and 
TAC between the two processes indicated that the three-feed process was better than 
double-feed process. 















producing methylal was synthesized and analyzed. The results indicated that the 
RDWC can avoid the backmixing of methanol that occurred in the conventional process, 
and this was the main reason that the RDWC can lead to energy reduction. The 
simulated results showed that the three-feed RDWC process can reduce the energy 
consumption and TAC by 22.2% and 19.01% respectively in comparison with the 
double-feed conventional reactive distillation process, and it’s also the most economical 
one in all processes studied in this work. 
(3) The transfer resistances related to the liquid-vapor interphase and catalyst of 
the three-feed RDWC process for producing methylal were evaluated and analyzed, 
respectively. The results showed that the transfer resistances between liquid-vapor 
interphase had significantly impacts on the composition, temperature and gas-liquid 
flowrate distribution of the column, and the pressure of both sides in the RDWC can 
also be influenced, which is an important influence factor on the performance of the 
RDWC. Moreover, the heat transfer of the divided wall in the RDWC can also be 
affected by the transfer resistance between the liquid-vapor interphase. Lastly, the 
transfer resistance related to catalyst was evaluated. The calculated average catalytic 
efficiency in the reactive section was 0.86, and it’s found that the composition and 
temperature distribution in the reactive section changed a little after considering the 
catalytic efficiency. Also, this effect was essential for the design of RDWC for methylal 
production. 

















摘要 ............................................................................................................. I 
Abstract ................................................................................................... III 
前言 ............................................................................................................. 1 
 文献综述 ...................................................................................... 2 
 过程强化与特殊精馏技术 ................................................................................ 2 
 反应精馏技术 .................................................................................................... 4 
1.2.1 反应精馏的发展现状.................................................................................. 4 
1.2.2 反应精馏的设计.......................................................................................... 7 
1.2.3 反应精馏的模型化.................................................................................... 10 
 隔壁精馏技术 .................................................................................................. 12 
1.3.1 隔壁精馏的原理及形式............................................................................ 12 
1.3.2 隔壁精馏的应用现状................................................................................ 14 
1.3.3 隔壁精馏的模拟........................................................................................ 15 
 反应精馏隔壁塔 .............................................................................................. 17 
1.4.1 反应精馏隔壁塔的原理............................................................................ 17 
1.4.2 反应精馏隔壁塔的研究进展.................................................................... 17 
 甲缩醛及其合成 .............................................................................................. 19 
 研究思路及内容 .............................................................................................. 21 
 甲缩醛反应精馏工艺的模拟与分析 ........................................ 24 
 计算模型 .......................................................................................................... 24 
2.1.1 过程计算模型介绍.................................................................................... 24 
2.1.2 甲缩醛反应精馏过程的热力学................................................................ 24 
2.1.3 甲缩醛反应精馏过程的动力学................................................................ 31 
 双进料反应精馏过程模拟与优化 .................................................................. 34 
2.2.1 双进料反应精馏过程基础配置................................................................ 34 
2.2.2 双进料反应精馏过程参数优化................................................................ 43 
 三进料反应精馏过程模拟与优化 .................................................................. 53 















2.3.2 过程的优化与结果.................................................................................... 55 
 双进料与三进料反应精馏过程的对比 .......................................................... 56 
2.4.1 对比内容及方法........................................................................................ 56 
2.4.2 对比结果与分析........................................................................................ 57 
 本章小结 .......................................................................................................... 62 
 反应精馏隔壁塔制备甲缩醛工艺的模拟与分析 .................... 63 
 反应精馏隔壁塔制备甲缩醛工艺的模拟 ...................................................... 63 
3.1.1 反应精馏隔壁塔的模拟方法.................................................................... 63 
3.1.2 双进料反应精馏隔壁塔制备甲缩醛工艺的模拟.................................... 64 
3.1.3 三进料反应精馏隔壁塔制备甲缩醛工艺的模拟.................................... 67 
 常规反应精馏与反应精馏隔壁塔的对比 ...................................................... 68 
3.2.1 中间组分返混对比.................................................................................... 68 
3.2.2 过程经济性对比........................................................................................ 70 
 本章小结 .......................................................................................................... 71 
 传递阻力对甲缩醛反应精馏隔壁塔过程的影响 .................... 73 
 气液间传递阻力对反应精馏隔壁塔过程的影响 .......................................... 73 
4.1.1 非平衡级模型及其计算............................................................................ 73 
4.1.2 传递阻力对组成分布的影响.................................................................... 77 
4.1.3 传递阻力对水力学的影响........................................................................ 79 
4.1.4 传递阻力对隔板传热的影响.................................................................... 83 
 催化剂扩散阻力对反应精馏隔壁塔过程的影响 .......................................... 90 
4.2.1 计算模型及流程........................................................................................ 90 
4.2.2 计算结果及分析........................................................................................ 93 
 本章小结 .......................................................................................................... 95 
 结论与展望 ................................................................................ 97 
参考文献 .................................................................................................. 99 
攻读硕士期间发表论文 ........................................................................ 110 













Table of Contents 
VII 
Table of Contents 
Abstract in Chinese ................................................................................... I 
Abstract in English ................................................................................ III 
Introduction ............................................................................................... 1 
Chapter 1 Literature review .................................................................... 2 
1.1 Process intensification and special distillation ................................................ 2 
1.2 Reactive distillation ............................................................................................ 4 
1.2.1 Development status of reactive distillation ................................................... 4 
1.2.2 Design of reactive distillation ....................................................................... 7 
1.2.3 Model of reactive distillation ...................................................................... 10 
1.3 Divided-wall column (DWC) ........................................................................... 12 
1.3.1 Principle and forms of DWC ...................................................................... 12 
1.3.2 Application of DWC ................................................................................... 14 
1.3.3 Simulation of DWC .................................................................................... 15 
1.4 Reactive divided-wall column (RDWC) ......................................................... 17 
1.4.1 Principle of RDWC ..................................................................................... 17 
1.4.2 Research progress of RDWC ...................................................................... 17 
1.5 Methylal and it's synthesis .............................................................................. 19 
1.6 Research ideas and contents ........................................................................... 21 
Chapter 2 Simulation and analysis of methylal RD process............... 24 
2.1 Simulation model ............................................................................................. 24 
2.1.1 Process silmulation model .......................................................................... 24 
2.1.2 Thermodynamic model ............................................................................... 24 
2.1.3 Reaction kinetic model ............................................................................... 31 
2.2 Simulation and optimization of double-feed RD process ............................. 34 
2.2.1 Basic configuration ..................................................................................... 34 
2.2.2 Process optimization ................................................................................... 43 
2.3 Simulation and optimization of three-feed RD process ................................ 53 













Table of Contents 
VIII 
2.3.2 Process optimization ................................................................................... 55 
2.4 Comparison of double-feed and three-feed RD process ............................... 56 
2.4.1 Contents and methods ................................................................................. 56 
2.4.2 Results and analysis .................................................................................... 57 
2.5 Summary ........................................................................................................... 62 
Chapter 3 Simulation and analysis of methylal RDWC process ........ 63 
3.1 Simulation of RDWC process ......................................................................... 63 
3.1.1 Simulation method ...................................................................................... 63 
3.1.2 Simulation of double-feed RDWC.............................................................. 64 
3.1.3 Simulation of three-feed RDWC ................................................................ 67 
3.2 Comparison of conventional RD and RDWC ............................................... 68 
3.2.1 Methanol backmixing ................................................................................. 68 
3.2.2 Process economics ...................................................................................... 70 
3.3 Summary ........................................................................................................... 71 
Chapter 4 The impacts of transfer resistances on RDWC ................. 73 
4.1 The impacts of liquid-vapor intherphase transfer resistances ..................... 73 
4.1.1 NEQ model and simulation ......................................................................... 73 
4.1.2 The impacts of transfer resistances on composition distribution ................ 77 
4.1.3 The impacts of transfer resistances on hydrodynamic ................................ 79 
4.1.4 The impacts of transfer resistances on heat transfer ................................... 83 
4.2 The impacts of catalytic transfer resistance .................................................. 90 
4.2.1 Model and calculation method .................................................................... 90 
4.2.2 Results and analysis .................................................................................... 94 
4.3 Summary ........................................................................................................... 95 
Chapter 5 Conclusion & Prospect ......................................................... 97 
Reference ................................................................................................. 99 
Publications during Author’s Master Period ..................................... 110 













































































































































从 1965 年 Petlyuk 提出热耦合精馏概念到 1985 年 BASF 在工业上建成第一座隔





















事实上，反应和精馏相耦合的概念很早便已提出，在 20 世纪 20 年代即有关
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